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Method  of  manufacturing  a  moulded  article. 

as  a  preform  for  a  structural  composite,  it  is  then  to 
be  transferred  to  a  resin  injection  mold  (HO). 

@  A  molded  article,  for  example,  a  filter  or  a 
preform  used  in  the  manufacture  of  fiber-reinforced 
composites,  is  manufactured  from  an  air  laid  batt 

f^from  a  single  fiber  type  or  a  mixture  of  fibers.  The 
^ba t t   is  either  resinated  with  a  thermoplastic  material 

or  includes  a  thermoplastic  binder  fiber.  The  batt  is 
Informed  into  the  desired  shape  of  the  molded  article 
r-in  a  through-air  mold  (98)  and  heated  sufficiently  to 

OQset  the  thermoplastic  material,  so  that  the  resulting 
^■article  retains  the  desired  shape.  If  the  article  is  to 
Nbe  used  as  a  fluid  filter,  it  can  he  used  either  as  it  is 

q   removed  from  the  mold  if  a  filter  of  uniform  density 
is  desired,  or  the  article  can  be  further  processed  in 

fca  compression  mold  to  density  portions  of  the  article 
to  thereby  form,  for  example,  a  fluid  impervious 
portion  used  as  a  gasket.  If  the  article  is  to  be  used 
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METHOD  OF  MANUFACTURE  OF  FORMED  ARTICLE 

This  invention  relates  to  a  method  of  forming 
articles  having  a  relatively  open  structure,  such  as 
formed  fluid  filters  or  preforms  for  structural  com- 
posites. 

Fluid  filters  are  commonly  made  from  pleated 
paper,  which  must  be  supported  by  screens,  center 
tubes,  end  caps,  etc.  thus  requiring  substantial 
labor  for  their  assembly.  Accordingly,  it  is  desirable 
to  manufacture  fluid  filters  from  a  wholly  automated 
process.  This  appears  to  be  possible  only  if  filters 
are  molded  from  nonwoven  materials.  Accordingly, 
the  present  invention  discloses  a  process  for  for- 
ming  molded  articles  from  a  nonwoven,  air  laid 
material.  The  articles  can  be  used  as  fluid  filters. 
Portions  of  the  filter  can  be  compressed  to  vary  the 
density  of  the  filter  material.  It  is  possible  to  make 
portions  of  the  filter  impervious  to  fluid  flow  thus 
forming  a  seal  as  part  of  the  filter. 

Molded  articles  made  persuant  to  this  invention 
can  also  be  used  as  preforms  in  the  manufacture 
of  structural  composites.  Reference  is  made  to  co- 
pending  U.S.  Patent  Application  Serial  No.  (File 
#780-85-015)  for  a  complete  discussion  of  the  man- 
ufacture  of  composite  materials  from  an  air  laid, 
nonwoven  batt.  However,  in  the  process  disclosed 
in  aforemention  application,  it  is  necessary  to  mold 
the  batt  into  a  preform  before  impregnating  the 
preform  with  the  appropriate  resin  matrix.  The 
present  invention,  then,  discloses  a  method  which 
can  be  used  to  make  such  a  preform. 

Accordingly,  the  present  invention  has  advan- 
tages  over  the  prior  art  in  that  it  discloses  a  meth- 
od  for  manufacturing  molded  articles  from  air  laid 
nonwoven  batts.  These  molded  articles  may  have 
many  uses,  including  use  as  a  fluid  filter  or  as  a 
preform  for  a  structural  composite. 

These  and  other  features  of  the  invention  will 
become  apparent  from  the  following  description, 
with  reference  to  the  accompanying  drawings,  in 
which: 

Figure  I  is  a  cross-sectional  view  - 
schematically  illustrating  an  air  laid  nonwoven  batt 
formation  machine 

Figure  2  is  a  view  of  the  conveyer  line  which 
treats  the  batt  formed  by  the  machine  illustrated  in 
Figure  I  as  it  is  removed  from  the  machine; 

Figure  3  is  a  cross-sectional  view  of  a  dia- 
grammatic  representation  of  a  contour  mold  used 
to  form  the  batt  made  by  the  machine  of  Figure  I 
into  a  preform  shape; 

Figure  4  is  a  cross-sectional  view  of  a  dia- 
grammatic  representation  of  a  compression  mold; 
and 

Figure  5  is  a  perspective  view  of  an  article 
made  by  the  process  illustrated  in  Figures  1-4. 

Referring  now  to  the  Figure  I  of  the  drawing,  an 
air-laid,  nonwoven,  batt-formation  machine  is  gen- 
erally  indicared  by  the  numeral  10  and  is  of  the 
type  generally  illustrated  in  U.S.  Patent  No. 

5  3,918,126.  The  machine  10  is  comprised  of  a  feeding 
mechanism  generally  indicated  by  the  numeral  12 
and  a  web-formation  mechanism  generally  indi- 
cated  by  the  numeral  14. 

Feeding  mechanism  12  includes  a  housing  16 
w  which  encloses  a  relatively  large  hopper  18  which 

receives  the  fiber  from  which  the  web  or  batt  is  to 
be  manufactured.  Of  course,  he  fibers  are  first 
opened  and  blended  in  the  conventional  manner 
before  being  placed  in  the  hopper  18.  The  fiber 

15  mixture  includes  staple  structural  fibers  such  as 
curled  or  uncurled  fiberglass,  graxhite  fibers  and/or 
high  strength  polyester.  Also,  thermoplastic  fibers 
are  included  if  the  batt  is  not  to  be  resinated  with  a 
thermoplastic  material.  In  the  preferred  embodi- 

20  ment,  the  fibers  in  the  hopper  I8  are  comprised  of 
52.5%  curled  fiberglass,  available  commercially 
from  Owens-Corning  Fiberglass  Corporation;  17.5% 
Compet®  polyester  fiber,  available  commercially 
from  Allied  Corporation;  and  30%  of  a  thermoplas- 

25  tic  binder  fiber  such  as  Vinyon®,  available  com- 
merically  from  Celeanese  Corporation;  polyester 
fibers  such  as  Dacron®,  available  commercially 
from  DuPont  Corporation  or  Kodel®,  available  com- 
mercially  from  Eastman  Kodak  Company.  The 

30  blended  fibers  are  indicated  by  the  reference  nu- 
meral  20.  A  conveying  apron  22  is  mounted  on 
rollers  24  located  within  the  hopper  18  which  are 
turned  in  the  direction  of  the  arrows  by  an  appro- 
priate  power  source  (not  shown),  to  move  the  fibers 

35  20  to  the  right  viewing  Figure  I  toward  an  elevating 
apron  generally  indicated  by  the  numeral  26.  The 
elevating  apron  26  is  mounted  on  rollers  28  located 
within  the  hopper  and  is  provided  with  elongated 
spikes  30  extending  therefrom.  The  rollers  are  op- 

40  erated  by  a  power  source  such  that  the  fibers  are 
moved  upwardly,,  viewing  Figure  I.  A  stripper  apron 
32  is  provided  with  spikes  34  and  is  wrapped  about 
rollers  36  which  are  also  operated  by  a  power 
source.  A  power  source  38  operates  a  fan  40  which 

45  draws  air  through  channel  42  defined  between  the 
stripper  apron  32  and  the  upper  wall  of  the  housing 
16,  generally  in  the  direction  of  the  Arrow  A.  The 
metered  airflow  through  the  channel  42  removes  a 
predetermined  quantity  of  the  fibers  20  from  the 

so  elevating  >  apron  26.  The  remaining  fibers  are  re- 
turned  to  the  hopper  through  channel  46,  defined 
between  the  elevator  apron  26  and  the  correspond- 
ing  wall  of  the  housing  16.  The  metered  airflow 
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ounces/square  yard  or  greater,  are  preferred  be- 
■  cause  batts  of  this  weight  provide  a  sufficient  quan- 

tity  of  fiber  reinforcement  for  the  structural  com- 
posite  to  be  manufactured  as  hereinafter  described. 

5  It  is  also  important  that  the  fibers  comprising  the 
batt,  which  are  randomly  arrayed  due  to  being 
blown  through  the  duct  74,  be  sufficiently  long  that 
they  cross  each  other  a  number  of  times,  thereby 
providing  relative  attraction  forces  between  the  fi- 

w  bers  so  that  each  fiber  can  hold  other  fibers  in 
place.  It  is  preferred  that  fibers  of  at  least  one  inch 
in  length  be  used,  since  tests  have  shown  that 
fibers  of  this  length  engage  other  fibers  in  the  batt 
an  average  of  three  times,  thus  providing  the  num- 

75  ber  of  engagements  with  other  fibers  necessary  to 
form  a  satisfactory  batt.  Fibers  of  shorter  length 
may  be  used,  but  they  would,  of  course,  engage 
other  fibers,  on  average,  fewer  times,  thus  provid- 
ing  a  batt  with  less  intergity. 

20  As  discussed  above,  an  important  feature  of 
the  invention  is  that  structural  composites  formed 
from  the  batts  produced  have  strength  in  all  three 
spatial  dimensions.  The  strengh  is  provided  by  the 
reinforcement  provided  by  the  fibers  used  to  make 

25  the  composite.  Accordingly,  the  nonwoven  batt 
formed  by  the  machine  10  will  have  randomly  ar- 
rayed  fibers  which  extend  in  all  three  spatial  di- 
mensions,  since  the  random  orientation  of  the  fi- 
bers  is  a  necessary  consequence  of  the  air  forma- 

30  tion  process.  However,  it  has  been  shown  that  the 
percentage  of  fibers  arranged  in  the  direction  of  the 
depth  of  the  batt  varies  considerably,  depending 
upon  the  direction  of  air  flow  through  the  duct  74. 
This  direction  is  controlled  by  the  spacing  between 

35  the  saber  74  and  the  lickerin  62.  The  saber  74  is 
mounted  on  an  eccentric,  so  that  its  position  rela- 
tive  to  the  lickerin,  62  is  adjustable,  thereby  making 
the  width  of  the  channel  72  also  adjustable.  Nor- 
mally,  the  saber  74  is  spaced  away  from  the  lic- 

40  kerin  62  so  that  the  air  flow  through  the  channel  72 
tends  to  follow  the  shape  of  the  channel  in  the 
direction  of  the  Arrow  D.  While  batts  formed  with 
air  flow  in  this  direction  will  have  some  fibers 
having  components  oriented  in  the  direction  of  the 

45  depth  of  the  batt,  the  majority  of  fibers  will  be 
oriented  along  the  length  and  the  width  of  the  batt. 
However,  it  has  been  discovered  that  by  moving 
the  saber,  74  closer  to  the  lickering  62  and  by 
adjusting  the  blower  66  accordingly,  a  venturi  effect 

so  is  created  which  deflects  the  air  flow  in  the  direc- 
tion  of  the  Arrow  E.  Batts  formed  in  this  manner 
have  been  found  to  have  about  30%  of  their  fibers 
having  components  oriented  in  the  direction  of  the 
depth  of  the  batt.  Accordingly,  a  composite  ma- 

ss  terial  formed  from  a  batt  having  30%  of  the  fibers 
oriented  in  the  depth  direction  will  have  almost  the 
same  strenth  in  all  three  spatial  dimensions. 

indicated  by  Arrow  A  forces  the  fibers  into  a  duct 
44  defined  between  the  upper  edge  of  the  elevat- 
ing  apron  26  and  the  corresponding  wall  of  the 
housing  16. 

The  fibers  are  then  consolidated  into  a  feed 
mat  47  by  the  air  flowing  through  the  channel  42 
and  the  duct  44.  This  air  flow  enters  a  cylinderical, 
porous  condenser  screen  48  which  is  rotated  in  the 
direction  of  the  Arrow  8  by  an  appropriate  power 
source  (not  shown).  The  air  flow  is  ducted  back  to 
the  blower  40  by  ductwork  generally  indicated  by 
the  numeral  50.  The  rotating  screen  48  compress- 
es  the  feed  mat  47  by  cooperating  with  feed  rollers 
52,  which  cooperate  with  mechanical  rolls  54  to 
advance  the  feed  mat  toward  the  mat  formation 
mechanism,  generally  indicated  by  the  numeral  14. 
The  fibers  are  then  brushed  off  nosebar  58  which 
is  carried  on  housing  60  forming  a  part  of  the  web 
formation  mechanism  14  by  a  rotating  lickerin  gen- 
erally  indicated  by  the  numeral  62.  The  lickerin  62 
is  provided  with  a  serrated  surface  defining  spikes 
or  teeth  64  across  the  entire  width  and  around  the 
circumference  of  lickerin  62.  The  lickerin  62  is 
powered  for  rotation  as  indicated  by  the  Arrow  C. 

The  fibers  are  doffed  from  lickerin  62  by  cen- 
trifical  forces  generated  by  the  rotating  speed  of 
the  lickerin  62  and  also  by  air  flow  provided  by  a 
blower  66.  Blower  66  blows  air  into  a  chamber  68 
defined  within  the  housing  60  which  is  guided 
through  a  duct  70  and  into  a  channel  72  defined 
between  a  saber  74  and  the  lickering  62.  The 
blended  fibers  are  removed  from  the  lickering  and 
are  conveyed  by  the  air  stream  through  a  duct  75 
to  a  foraminous  conveyer,  generally  indicated  by 
the  numeral  76.  The  inlet  of  the  blower  66  is 
connected  to  a  chamber  77  defined  within  the 
housing  60  which  in  turn  is  communicated  to  the 
duct  75  through  the  foraminous  conveyer  76.  The 
foraminous  conveyer  76  includes  a  foraminous  belt 
78  mounted  on  rollers  80  which  move  the  belt  in 
the  direction  indicated  by  the  Arrow  D.  Since  the 
belt  78  is  porous  and  permits  air  flow  therethrough, 
the  blower  66  is  capable  of  circulating  air  through 
the  channel  72,  the  duct  74,  the  chambers  77  and 
68,  and  the  duct  70.  Accordingly,  the  fibers  are 
doffed  from  the  lickerin  62  and  blown  through  the 
duct  74  and  are  condensed  on  a  portion  82  of  the 
foraminous  belt  78  to  form  a  nonwoven  mat.  Since 
the  foraminous  belt  78  is  rotated  around  the  rollers 
80  the  mat  eventually  exits  from  the  portion  of  the 
belt  covered  by  the  duct  74. 

The  rotating  speed  of  the  lickerin  62  and  the 
quantity  of  air  pumped  by  the  blower  66  may  be 
adjusted  in  a  conventional  manner  to  adjust  the 
weight  of  the  batt  formed  by  the  web  formation 
machine  10.  Although  lighter  weight  batts  are  ac- 
ceptable,  the  invention  perfers  that  relatively  heavy 
batts,  of  a  weight,  for  example,  of  four 
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The  machine  10  has  been  described  in  accor- 
dance  with  the  feeding  mechanism  12.  However, 
the  purpose  of  the  feeding  mechanism  12  is  to 
produce  the  feed  mat  46  for  the  web  formation 
mechanism  14.  As  is  well  know  to  those  skilled  in 
the  art,  the  feed  web  may  aiso  be  formed  from  a 
roller  card  and  cross-lapping  machine.  This  latter 
mechanism  may  be  more  efficient  for  a  high  vol- 
ume  production.  Alternatively,  the  feed  web  may 
also  be  formed  by  a  picker.  This  system  may  be 
more  efficient  for  producing  diversified  short-run 
lots. 

The  batt  is  transferred  from  the  conveyor  78 
onto  an  adjacent  conveyer  84  which  includes  a 
formainous  belt  86  powered  for  rotation  about  roll- 
ers  88  in  the  direction  indicated  by  the  Arrow  F.  If 
the  batt  is  to  be  resinated  in  lieu  of  using  binder 
fibers  or  in  addition  to  using  binder  fibers,  an 
appropriate  foamed  resin  is  poured  into  the  hopper 
90  and  is  dispensed  onto  the  batt  traveling  on  the 
belt  or  conveyer  86  through  nozzles  92.  Since  the 
belt  86  is  foraminous,  the  foam  can  be  pulled 
through  the  batt  to  saturate  the  same  by  applying  a 
vacuum  on  the  underside  of  the  batt  through  the 
vacuum  puller  94.  The  excess  foam  is  pulled  into 
the  vacuum  puller  94  and  is  recircuiated  into  the 
hopper  90.  The  batt  is  then  carried  on  the  belt  86 
through  an  oven  96  which  is  heated  to  a  tempera- 
ture  just  over  200°F,  which  heats  the  batt  suffi- 
ciently  to  stablize  the  batt  and  to  permit  its  han- 
dling.  The  batt  therefore  is  heated  to  a  temperature 
to  soften,  but  not  melt,  the  themoplastic  binder 
fibers  or  the  resin  applied  to  the  batt,  both  of  which 
have  a  melting  temperature  of  about  250°F.  As 
discussed  above,  the  purpose  of  the  oven  96  is  to 
stabilize  the  batt  to  permit  handling  without  break- 
ing  it  apart.  If,  because  of  the  fibers  used,  the  batt 
does  not  easily  pull  apart  as  formed,  the  oven  96 
may  be  eliminated. 

The  molded  article  is  made  in  a  contour  mold, 
generally  indicated  by  the  numeral  98  in  Rgure  3. 
The  mold  98  is  preferably  a  conventional  through- 
air  mold  and  includes  a  gas-permeable  screen  I00 
which  is  contoured  in  the  shape  of  the  preform  to 
be  molded.  A  portion  of  the  batt  is  placed  on  the 
screen  I00  and  the  cover  I02  of  the  mold  is  closed 
upon  the  body  I04  thereof  and  a  gasimpermeable 
seal  is  effected  therebetween.  A  fan  I06  circulates 
air  in  the  direction  of  the  Arrow  X  so  that  the  batt  is 
forced  to  assume  the  contours  of  the  screen  I00  by 
virtue  of  the  gas  being  forced  therethrough.  Al- 
though  air  would  normally  be  used,  it  is  possible  in 
certain  applications  that  a  gas  other  than  air  may 
be  necessary.  The  gas  being  circulated  through  the 
mold  is  heated  by  a  burner  I08  to  a  termperature 

sufficient  to  melt  the  thermoplastic  binder  material 
(either  the  binder  fibers  or  the  resin  applied  to  the 
batt),  thereby  causing  the  batt  to  fuse  in  a  shape- 
retaining  contour  of  the  screen  I00. 

5  Of  course,  the  stiffness  of  the  batt  will  depend 
upon  the  percentage  of  binder  fiber  and/or  thermo- 
plastic  resin  used  in  the  batt.  A  higher  concentra- 
tion  of  binder  fiber  will  produce  a  stiffer  article. 
However,  a  higher  concentration  of  binder  material 

10  may  cause  excessive  or  undersirable  shrinkage  of 
the  batt.  It  is  also  desirable  that  the  batt  not  be 
excessively  compressed  as  it  is  formed,  particu- 
larly  if  the  article  is  to  be  used  as  a  fluid  filter  filter, 
where  it  is  necessary  to  maintain  the  open  char- 

rs  acteristics  of  the  batt  to  minimize  the  restrictions  of 
fluid  flow  therethrough  while  permitting  the  fibers  to 
keep  particles  entrapped  in  the  fluid.  If  the  article  is 
to  be  used  as  a  preform  for  a  structural  composite, 
it  is  desirable  to  retain  the  open  characteristic  of 

20  the  batt  as  much  as  possible  to  facilitate  resin 
transfer  into  the  batt.  Although  molds  other  than  the 
through-air  mold  shown  in  Rgure  3,  such  as  a 
conventional  press  type  moid,  may  be  used,  care 
must  be  taken  that  the  batt  may  not  be  excessively 

25  compressed,  although  slight  compression  is  un- 
avoidable  in  forcing  the  batt  to  assume  the  com- 
plex  contours  of  the  mold. 

The  molded  article  is  then  removed  from  the 
contour  mold  98.  If,  for  example,  the  article  is  to  be 

30  used  as  a  fluid  filter,  and  is  not  to  have  variant 
densities,  it  can  be  used  as  it  is  removed  from  the 
mold.  However,  if  the  fluid  filter  is  to  have  portions 
which  are  of  a  density  greater  than  other  portions, 
it  is  transferred  to  a  compression  mold  illustrated  in 

35  Rgure  4  by  the  numeral  HO.  Mold  IIO  has  contoured 
shaped  portions  II2  and  II4  which  are  adapted  to 
apply  compressive  force  to  at  least  some  portions 
of  the  batt,  such  as  the  peripheral  portions  in- 
dicated  by  the  numeral  II6.  It  is  also  desirable  to 

40  heat  the  batt  to  a  temperature  sufficient  to  melt  the 
thermoplastic  fibers  and/or  thermoplastic  material 
in  the  batt.  If  the  aforementioned  Vinyon®  fiber  is 
used  as  the  binder  material,  it  is  sufficient  to  heat 
the  mold  portion  II2  to  a  temperature  of  about 

45  200  °F,  (preferrably  by  incorporation  an  electrical 
resisance  heater  II9  in  the  mold)  which  is  about  the 
temperature  of  which  the  Vinyon®  melts.  Accord- 
ingly,  when  pressure  is  applied  to  the  portion  II6  of 
the  article,  this  portion  is  densified,  thus  inhibiting 

so  fluid  flow  therethrough.  Accordingly,  puller  94.  The 
excess  foam  is  pulled  into  the  vacuum  puller  94 
and  is  recircuiated  into  the  hopper  90.  The  batt  is 
then  carried  on  the  belt  86  through  an  oven  96 
which  is  heated  to  a  temperature  just  over  200°  F, 

55  which  heats  the  batt  sufficiently  to  stablize  the  batt 
and  to  permit  its  handling.  The  batt  therefore  is 
heated  to  a  temperature  to  soften,  but  not  melt,  the 
themopfastic  binder  fibers  or  the  resin  applied  to 
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apply  compressive  fores  to  at  least  some  portions 
of  the  batt,  such  as  the  peripheral  portions  in- 
dicated  by  the  numeral  l!6.  It  is  also  desirable  to 
heat  the  batt  to  a  temperature  sufficient  to  melt  the 

5  thermoplastic  fibers  and/or  thermoplastic  material 
in  the  batt.  If  the  aforementioned  Vinyon®  fiber  is 
used  as  the  binder  material,  it  is  sufficient  to  heat 
the  mold  portion  II2  to  a  temperature  of  about 
200  °F,  (preferrably  by  incorporation  an  electrical 

10  resisance  heater  II9  in  the  moid)  which  is  about  the 
temperature  of  which  the  Vinyon®  melts.  Accord- 
ingly,  when  pressure  is  applied  to  the  portion  II©  of 
the  article,  this  portion  is  densified,  thus  inhibiting 
fluid  flow  therethrough.  Accordingly,  referring  now 

75  to  Figure  5,  the  fluid  filter  indicated  by  the  numeral 
II8  can  be  provided  with  a  peripheral  flange  portion 
I20  which  is  substantially  impervious  to  fluid  flow 
and  which,  accordingly,  serves  as  a  gasket  when 
the  filter  II6  is  installed  in  an  appropriate  air  clean- 

20  ing  device.  Pressure  is  applied  to  the  mold  portions 
II2  and  II4  by  a  hydraulic  actuator  indicated  dig- 
ramatically  at  I20. 

If  the  molded  article  is  to  be  used  as  a  preform 
and  a  fiber  reinforced  composite,  the  preform  is 

25  then  transferred  to  a  resin  injection  mold,  as  de- 
scribed  in  the  aforementiond  patent  application 
(780-85-015).  The  preform  is  then  injected  with  the 
appropriate  resin  matrix  and  compressed  to  form 
the  final  article,  thus  increasing  the  density  of  the 

30  fibers  in  the  molded  composite  article  as  described 
in  the  aforementioned  patent  application. 

Although  the  invention  has  been  described  in 
connection  with  the  use  of  staple  structural  fibers 
for  the  manufacture  of  the  air  laid  nonwoven  batt, 

35  fibers  and  forms  other  than  cut  staple  fibers  may 
be  used.  For  example,  continous  filament  tow  may 
be  used  and  processed  and  blended  as  described 
in  U.S.  Patent  No.  4,514,880.  Accordingly,  the  in- 
vention  is  not  limited  to  the  examples  and  bodi- 

40  ments  specifically  described  in  the  foregoing  speci- 
fication,  but  is  instead  limited  only  by  the  scope  of 
the  following  claims. 

the  batt,  both  of  which  have  a  melting  temperature 
of  about  250  °F.  As  discussed  above,  the  purpose 
of  the  oven  96  is  to  stabilize  the  batt  to  permit 
handling  without  breaking  it  apart.  If,  because  of 
the  fibers  used,  the  batt  does  not  easily  pull  apart 
as  formed,  the  oven  96  may  be  eliminated. 

The  molded  article  is  made  in  a  contour  mold, 
generally  indicated  by  the  numeral  98  in  Figure  3. 
The  mold  98  is  preferably  a  conventional  through- 
air  mold  and  includes  a  gas-permeable  screen  100 
which  is  contoured  in  the  shape  of  the  preform  to 
be  molded.  A  portion  of  the  batt  is  placed  on  the 
screen  100  and  the  cover  102  of  the  mold  is  closed 
upon  the  body  104  thereof  and  a  gas-impermeable 
seal  is  effected  therebetween.  A  fan  106  circulates 
air  in  the  direction  of  the  Arrow  X  so  that  the  batt  is 
forced  to  assume  the  contours  of  the  screen  100  by 
virtue  of  the  gas  being  forced  therethrough.  Al- 
though  air  would  normally  be  used,  it  is  possible  in 
certain  applications  that  a  gas  other  than  air  may 
be  necessary.  The  gas  being  circulated  through  the 
mold  is  heated  by  a  burner  108  to  a  termperature 
sufficient  to  melt  the  thermoplastic  binder  material 
(either  the  binder  fibers  or  the  resin  applied  to  the 
batt),  thereby  causing  the  batt  to  fuse  in  a  shape- 
retaining  contour  of  the  screen  100. 

Of  course,  the  stiffness  of  the  batt  will  depend 
upon  the  percentage  of  binder  fiber  and/or  thermo- 
plastic  resin  used  in  the  batt.  A  higher  concentra- 
tion  of  binder  fiber  will  produce  a  stiffer  article. 
However,  a  higher  concentration  of  binder  material 
may  cause  excessive  or  undersirable  shrinkage  of 
the  batt.  It  is  also  desirable  that  the  batt  not  be 
excessively  compressed  as  it  is  formed,  particu- 
larly  if  the  article  is  to  be  used  as  a  fluid  filter  filter, 
where  it  is  necessary  to  maintain  the  open  char- 
acteristics  of  the  batt  to  minimize  the  restrictions  of 
fluid  flow  therethrough  while  permitting  the  fibers  to 
keep  particles  entrapped  in  the  fluid.  If  the  article  is 
to  be  used  as  a  preform  for  a  structural  composite, 
it  is  desirable  to  retain  the  open  characteristic  of 
the  batt  as  much  as  possible  to  facilitate  resin 
transfer  into  the  batt.  Although  molds  other  than  the 
through-air  mold  shown  in  Figure  3,  such  as  a 
conventional  press  type  mold,  may  be  used,  care 
must  be  taken  that  the  batt  may  not  be  excessively 
compressed,  although  slight  compression  is  un- 
avoidable  in  forcing  the  batt  to  assume  the  com- 
plex  contours  of  the  mold. 

The  molded  article  is  then  removed  from  the 
contour  mold  98.  If,  for  example,  the  article  is  to  be 
used  as  a  fluid  filter,  and  is  not  to  have  variant 
densities,  it  can  be  used  as  it  is  removed  from  the 
mold.  However,  if  the  fluid  filter  is  to  have  portions 
which  are  of  a  density  greater  than  other  portions, 
it  is  transferred  to  a  compression  mold  illustrated  in 
Figure  4  by  the  numeral  110.  Mold  110  has  contoured 
shaped  portions  112  and  114  which  are  adapted  to 

45  Claims 

1.  Method  of  manufacturing  molded  articles 
comprising  the  steps  of  forming  a  nonwoven,  air 
laid  batt  from  structured  fibers  by  pneumatically 

50  conveying  the  fibers  in  an  air  stream  randomly 
depositing  said  fibers  on  a  condenser  (78)  to  form 
a  nonwoven  batt  having  a  substantial  portion  of  its 
fibers  interlocking  randomly  in  each  of  the  three 
spatial  dimensions,  characterized  in  that  said  meth- 

55  od  includes  the  steps  of  adding  a  thermoplastic 
binder  material  to  the  batt  and  molding  the  batt 
while  heating  the  batt  to  a  temperature  to  at  least 
partially  melt  the  binder  material  to  form  the  batt 
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into  a  shape-retaining  article,  said  molding  of  the 
batt  being  effected  without  substantial  compression 
of  the  batt. 

2.  Method  of  manufacturing  molded  aritcles  as 
claimed  in  claim  I,  further  characterized  in  that  said  5 
step  of  adding  a  thermoplastic  binder  material  is 
effected  by  mixing  the  structural  fibers  with  ther- 
moplastic  binder  fibers  and  pneumatically  convey- 
ing  said  mixture  of  fibers  to  said  condenser. 

3.  Method  of  manufacturing  molded  articles  as  io 
claimed  in  claim  I,  further  characterized  in  that  said 
step  of  adding  a  thermoplastic  binder  material  is 
effected  by  applying  a  thermoplastic  compound  to 
the  batt  after  the  batt  is  laid. 

4.  Method  of  manufacturing  molded  articles  as  75 
claimed  in  claim  1,  further  characterized  in  that  the 
batt  is  heated  to  a  lower  temperature  before  the 
batt  is  molded  to  stabilize  the  batt  and  to  permit 
handling  of  the  batt  without  tearing  the  batt  apart 
and  then  heating  the  batt  to  a  higher  temperature  zo 
sufficient  to  at  least  partially  melt  the  binder  ma- 
terial  as  the  batt  is  formed  into  the  molded  article. 

5.  Method  of  manufacturing  molded  articles  as 
claimed  in  claim  I,  further  characterized  in  that  the 
batt  is  formed  into  the  molded  article  by  forcing  a  25 
gas  through  the  batt. 

6.  Method  of  manufacturing  molded  articles  as 
claimed  in  claim  I,  further  characterized  in  that  the 
batt  is  formed  into  the  molded  article  by  placing 
the  batt  on  a  gas  permeable  member  (100)  having  a  30 
desired  shape  and  then  drawing  gas  through  the 
batt  and  the  gas  permeable  member  (100)  to  force 
the  batt  to  assume  the  contours  of  the  gas  per- 
meable  member  (100). 

7.  Method  of  manufacturing  molded  articles  as  35 
claimed  in  claim  5,  further  characterized  in  that  the 
batt  is  heated  during  molding  by  heating  the  gas 
drawn  through  the  batt. 

8.  Method  of  manufacturing  molded  articles  as 
claimed  in  claim  I,  further  characterized  in  that  the  40 
direction  of  the  air  stream  conveying  said  fibers  is 
adjusted  relative  to  the  conveyer  to  control  the 
percentage  of  the  fibers  having  a  directional  com- 
ponent  extending  across  the  depth  of  the  batt. 

9.  Method  of  manufacturing  molded  articles  as  45 
claimed  in  claim  I,  further  characterized  in  that  said 
batt  is  molded  in  contour  mold  into  a  preform 
shape  and  then  transferred  to  another  mold  for 
molding  into  a  final  shape. 

50 

55 
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